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On-orbit repair technologies for reinforced carbon-carbon composite (RCC) 
structures are critically needed for space shuttle return to flight (RTF) efforts. 
These technologies are also critically needed for the repair and refurbishment of 
thermal protection system of future Crew Entry Vehicles (CEV) of space 
exploration programs, GRABER (Glenn Adhesive Refractory for Bonding and 
Exterior Repair) has shown multiuse capability for in-space repair of both large 
repairs and small cracks in space shuttle Reinforced Carbon Carbon (RCC) 
leading edge material. The concept consists of preparing an adhesive paste and 
then applying the paste to the damaged/cracked area of the RCC composites with 
caulking gun. The adhesive paste cures at 100-120 C and transforms into a high 
temperature ceramic during vehicle re-entry' conditions. Further development and 
testing are underway to optimize the materials properties and extend the 
application temperature. 
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Introduction 

RCC Repair Objectives 

On-Orbit Repair Technologies 


- ArcJet Testing 

- Plasma Torch Testing 

- ft/Hicrostruetural Characterization 
Summary and Conclusions 
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Damage Mechanisms 
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impact damage during ground handling 

Damage due to failing o? ice or other objects 
during launch 

H/Hcrometeoroid and orbital debris impact 

Damage caused by different factors during 
launch and reentry (weather, launch acoustics, 
shearing, etc.) 
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Provide necessary products to XA to develop 
any required EVA tools (EVA) 


Provide a DTO kit & demonstrated RCC repair 
capability for STS 114 
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Repair Concept for WLE Damage and 
Location Limitations 


Q Crack Repair 






Panel Location Limitations 

Crack Repair can accommodate cracks in the RCC acreage, but may 
have some restrictions on edges 

Plug can accommodate small scale holes provided adequate clearance 
behind damage to accommodate bolt length (expect restrictions on 
panel edges and wherever insulation is tight against the panel) 
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Adhesive based on organic (Phertoiscs and Furan) 
based systems with a number of inorganic 
constituents. 

Viscosity and curing behavior (time, temperature) 
can be tailored to suit the needs. 

GRABER has been used to prepreg a wide variety 
of ceramic fiber weaves (C, Si02, SiC). 
it bonds very weiS with a wide variety of surfaces 
and cures up to 120 C. 


Glenn Research Center at Lewis Field 


mm 


Multifunctionality of GRABER Based Materials 

* Crack Repair Materials 

” Repair of cracks arid damaged coatings 

* Adhesive and Sealants 

- Bond and seal the edges in plug concept 

« inner to Outer Mold Line (!TOM) Materiais 

- Fiiied Wing Concept 

* Flexible Prepregs 

- New concepts for repair of large size damage 

* Manufacturing of Bulk Composites 

* Repair of C/C Based Composites 

* Functionally Graded Coatings for C/C 
Composites 
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Viscosity 

























































































Testing of GRABER-5 for ITOM at 
JSC Arc Jet Facility 

* Graber 5 Materia'; was tested at JSC ARfUISEF 1/3/04 m support of IFB 
team 

- 270QF arid 2960F test points (based on RCC Calibration mode?) 

* During the first 200 seconds at the 2700F test point, dramatic surface 
reactions were observed and the surface temperature did not stabilize 
and reach steady state 

* After 200 seconds at the 2960F test point, the surface temperatures 
dropped significantly and stabilized, however, non-uniform 
temperature distributions across the surface were observed. 


• The pressure readings on the backside showed no indications of flow 
through the material at any point during the test 



Post Test Analysis of GRABER 5 
(Model 1908) 

Macrographs of 1908 after ArcJet Testing 
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GRABER-based materials have multiuse 
capability and multifunctionality for a wide variety 
of repair applications. 

This system can be easily modified to obtain 
adhesive materials with desired properties 
(viscosity, composition, curing behavior, etc.). 

The material has long seif fife. Norma! storage 
and handling techniques can be used. 

These materials are affordable since the cost of 
raw constituents is very iow (few dollars a pound) 
Excellent plasma performance in ArcJet testing 
conditions at various facilities. 
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